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The liver kinase B1 (LKB1)-AMP activated protein kinase (AMPK)
pathway regulates cellular metabolism, polarity, and growth. Although pre-
vious studies have documented the maladaptive consequences of LKB1
deletion in the progressive development of atrial fibrillation (AF) and car-
diac hypertrophy, its role in chamber-specific pathophysiology remains
largely unresolved. Therefore we systematically explored LKB1’s differen-
tial effects on structural and ion channel remodeling in mice with LKB1
deletion in cardiomyocytes. Atrial but not ventricular Nav1.5 and Cx40
expression levels were markedly downregulated in 1d neonates, giving
rise to a 2-fold prolongation of the P wave on surface ECG. Detailed ex
vivo optical action potential (AP) mapping studies revealed presence of
marked inter-atrial conduction abnormalities, loss of bi-atrial electrical
coupling, and prolonged AP durations in the atria of mice with LKB1 dele-
tion. In contrast, ventricular changes developed with a much slower time-
course that was consistent with previous studies. AMPK a2 inactivated
hearts demonstrated modest overlap in ion channel expression, but retained
normal ECG characteristics, cardiac structure and function compared to their
LKB1 deleted counterparts. LKB1 deletion triggers a primary atrial electro-
physiological remodeling program that precedes structural abnormalities and
likely underlies the development of AF. LKB1 may be a novel target for the
prevention of AF.
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Type-4 cardiorenal syndrome patients develop heart failure as result of kidney
failure. While the mechanism of cardiac dysfunction is unknown, elevated
levels of circulating endogenous Na/K ATPase inhibitors (NKAi) are detected
in patients and animals with kidney failure. We investigated the pathophysio-
logical consequences of NKAi elevation in rat myocytes and hearts of animals
with chronic kidney disease (CKD).
Methods: Intracellular Na concentration ([Nai]) was measured using fluores-
cent ratio-imaging microscopy and ERK1/2 phosphorylation by western blot-
ting, in adult rat ventricular myocytes. Cardiac Na/K ATPase (NKA) activity
was measured using biochemical NKA assays. CKD was induced in rats via
5/6 partial-nephrectomy (PN) or in mice via folic-acid administration (FA).
Creatinine serum levels were increased in both models, with kidney dysfunc-
tion (and cardiac hypertrophy) being more severe in PN model.
Results: Treatment of field-stimulated rat cardiac myocytes with bufalin
(10nM) or ouabain (100nM) significantly increased [Nai] by 1.250.3 and
1.950.2mM, respectively, whereas, concentrations of marinobuganenin below
1mM did not. Furthermore, NKAi activated hypertrophic signaling cascades
(assessed by ERK1/2 phosphorylation) with a potency order of bufalin
(EC50=70nM)>ouabain (EC50=93nM)> marinobuganenin (EC50=6.4mM).
Despite small but significant increases in NKA alpha-1/2 expression, NKA ac-
tivity in hearts of animals with kidney dysfunction was reduced by 45519% in
PN (6 weeks post-PN) and 3459% in FA animals (12 weeks post FA-
injection). NKA inhibition was reversed by incubation with a polyclonal
anti-Digoxin antibody (binds most structurally-related NKAi), confirming
involvement of NKAi.
Conclusions: Pathophysiologically-relevant concentrations of bufalin and
ouabain, but not marinobufagenin, raise [Nai] and activate hypertrophic
signaling pathways in the heart, thus contributing to Na and diastolic Ca over-
load and hypertrophy, during CKD.1550-Pos Board B280
b-Adrenergic Regulation of Cyclic AMP and Ca Current at the T-Tubules
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b-Adrenoceptor (b-AR) signalling is severely impaired in heart failure (HF),
and this is accompanied by a loss and disorganization of t-tubules. However,
how the latter affects the former is unknown. Here, we examined how acute de-
tubulation affects the b-AR response of L-type Ca2þ channel (LTCC) current
(ICa,L) and membrane cAMP ([cAMP]m) in adult rat ventricular myocytes
(ARVMs) and the contribution of phosphodiesterases PDE3 and PDE4 in this
process. ARVMs were infected with an adenovirus encoding a mutant of the
olfactory cyclic nucleotide-gated (CNG) channels a subunit to follow [cAMP]m
dynamics by recording the associated cationic current. [cAMP]mwas also moni-
tored by fluorescent imaging using a FRET-based sensor encoding a plasma-
membrane targeted cAMP probe (Epac2-camps). Osmotic shock treatment
with 1.5M formamide during 15 min induced a loss of t-tubule network as veri-
fied by confocal imaging with di-8-ANEPPS staining. Detubulation of ARVMs
reduced membrane capacitance by 40% and basal ICa,L density ~3-fold. Short
(15s) applications of isoprenaline (Iso 100nM) increased ICa,L ~2.5-fold simi-
larly in both conditions but had a 30% smaller effect on [cAMP]m in detubulated
ARVMs. After Iso washout, ICa,L and [cAMP]m returned to basal with a ~1.5-
fold faster kinetic in detubulated ARVMs than in control, suggesting a faster
cAMP degradation by PDEs. The contribution of PDE3 and PDE4 was thus
tested using the inhibitors cilostamide (1mM) and Ro20-1724 (10mM), respec-
tively. Both inhibitors had a more pronounced effect on Iso response of ICa,L
and [cAMP]m in detubulated ARVMs. Thus, detubulation per se has a profound
effect on the b-AR signalling cascade whichmay contribute to its impairment in
HF. This is partly due to a change in the respective contributions of PDE3 and
PDE4 to the hydrolysis of cAMP near the membrane and LTCCs.
1551-Pos Board B281
Wnt Signaling Promotes Pacemaker Myocyte Specification of Differenti-
ating Cardiac Progenitor Cells
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Embryonic stem cells (ESCs) can give rise to cardiomyocytes, but mechanisms
of cardiac subtype specification to either pacemaker cells or chamber (atrial/
ventricular) cardiomyocytes remain little understood. Canonical Wnt signaling
plays a key role for ESC maintenance and becomes inactivated during differ-
entiation. We hypothesized that control of Wnt signaling by Dkk1, an endog-
enous secreted protein inhibitor of canonical Wnt signaling, may impact
cardiac subtype specification during ESC differentiation. Mouse ESCs were
treated with activin-A and BMP-4 for 40 hours to initiate cardiac differentia-
tion. Flk-1þ/PdgfR-aþ cardiac progenitors were FACS-purified and seeded
as monolayers (day-4). The monolayers were either treated with a saturating
level of exogenous Dkk1 (‘‘exo-Dkk1", 150 ng/ml), or cultured in the endoge-
nous level of Dkk1 (‘‘endo-Dkk1", 3.2 ng/ml). At day-8, ~50% of cells were
positive for cTnT, a pan-cardiac myocyte marker, in both groups. Endo-
Dkk1 group exhibited significantly higher levels of cardiac pacemaker cell
markers (Tbx18 and Shox2), but lower levels of chamber lineage markers
(Nkx2.5, Isl1, Scn5a and Cacna1c, p<0.01). At day-10, endo-Dkk1 group
began to beat faster compared to exo-Dkk1 monolayers, and the superior auto-
maticity became more accentuated upon further differentiation (161.5511.5
vs. 48.052.9 bpm, endo- vs. exo-Dkk1, week-3). Endo-Dkk1 monolayers
yielded more cells with spontaneous intracellular calcium oscillations
compared to exo-Dkk1. Single, spontaneously-beating cells isolated from the
endo-Dkk1 monolayers were frequently spindle-shaped, exhibited robust
HCN4 proteins and I(f) currents, and fired rhythmic action potentials
(288551 bpm, n ¼ 5). Analogous results were attained with two other endog-
enous Wnt antagonists, Sfrp1 and Sfrp5. Our data demonstrate that the endog-
enous Wnt pathway of differentiating ESCs promotes specification of cardiac
pacemaker cell, rather than chamber cardiomyocytes. Our findings provide a
control point to enrich either pacemaker cell or chamber myocyte population.
1552-Pos Board B282
Modulation of Adrenergic Signalling by Flavonoids in Cardioprotection
Aleksey Zholobenko1, Eva Gabrielova´2, Jirı´ Necas3, Martin Modriansky´1.
1Medical Chemistry and Biochemistry, Palacky University, Olomouc, Czech
Republic, 2Institute of Molecular and Translational Medicine, Palacky
University, Olomouc, Czech Republic, 3Physiology, Palacky University,
Olomouc, Czech Republic.
Dietary flavonoids are thought to contribute to the prevention of cardiovascular
disease. Recently we showed that 2,3-dehydrosilybin (DHSB) attenuated
Monday, February 17, 2014 305acardiomyocyte damage following hypoxia/reoxygenation by modulating mito-
chondrial bioenergetics. The aim of the current study was to examine the effect
of DHSB on isolated perfused rat heart and cardiomyocyte cell culture.
Langendorff perfused rat hearts were used to investigate the response of Left
ventricular developed pressure (LVDP), end-diastolic pressure (LVEDP) and
contractility (dP/dtmax) to exposure to 10mM DHSB, 10mM quercetin, with
100nM bradykinin as a positive control. In vitro testing of mitochondrial
network and involvement of adrenergic receptors was performed on cardio-
myocyte cell cultures. Activation of signaling pathways in culture models
was assessed via a CREB-Luciferase reporter system, western blotting and fluo-
rescent Ca2þ probes.
Quercetin treated hearts demonstrated no significant changes from controls.
Bradykinin, as expected, caused vasodilation. DHSB, on the other hand, caused
a prompt and dynamic elevation of LVEDP, heart rate and contractility along
with enlargement and hardening of the organ and ruffling of the ventricular sur-
face during perfusion. Contractility and heart rate were restored during washout
in the DHSB group, while heart rate was reduced to half of the initial value.
Pretreatment with propranolol abolished DHSB induced elevation of heart
rate, LVEDP and contractility but not morphological changes. Western blots
of signalosome fractions indicate that DHSB triggers signalosome formation.
Morphological changes are also evident in the mitochondrial network. CREB
reporter assays indicate that DHSB enhances transcription from the CRE pro-
moter. Additionally, DHSB enhances isoproterenol, but not norepinephrine
induced transcription from the CRE promoter. This effect was not inhibited
by propranolol. The results suggest that DHSB interacts with the adrenergic
signaling pathway, but not at the level of the adrenergic receptors.
Supported by grants P301/11/0662, CZ.1.05/2.1.00/01.0030, and CZ.1.07/
2.3.00/30.0041.
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We previously reported in atrial myocytes that inhibition of PKA by laminin
(LMN)-integrin signaling activates b2-adrenergic receptor (b2-AR) stimulation
of cytosolic phospholipase A2 (cPLA2). Here, we determined the effects of zin-
terol (0.1 mM; zint-b2-AR) to stimulate ICa,L in atrial myocytes in the absence
(þPKA) and presence (-PKA) of the PKA inhibitor (1 mM) KT5720 and
compared these results with atrial myocytes attached to laminin (þLMN). Inhi-
bition of Raf-1 (10 mM GW5074), phospholipase C (PLC; 0.5 mM edelfosine),
PKC (4 mM chelerythrine) or IP3 receptor (IP3R) signaling (2 mM 2-APB)
significantly inhibited zint-b2-AR stimulation of ICa,L in -PKA but not
þPKA myocytes. Western blots showed that zint-b2-AR stimulation increased
ERK1/2 phosphorylation in -PKA compared to þPKA myocytes. Adenoviral
(Adv) expression of dominant negative (dn) -PKCa, dn-Raf-1 or an IP3 affinity
trap, each inhibited zint-b2-AR stimulation of ICa,L in þ LMN myocytes
compared to control þLMN myocytes infected with Adv-bgal. In þLMN my-
ocytes, zint-b2-AR stimulation of ICa,L was enhanced by adenoviral overex-
pression of wild-type cPLA2 and inhibited by double dn-cPLA2S505A/
S515A mutant compared to control þLMN myocytes infected with Adv-bgal.
In -PKA myocytes depletion of intracellular Ca2þ stores by 5 mM thapsigargin
failed to inhibit zint-b2-AR stimulation of ICa,L via cPLA2. However, disrup-
tion of caveolae formation by 10 mM methyl-b-cyclodextrin inhibited zint-b2-
AR stimulation of ICa,L in -PKA myocytes significantly more than in þPKA
myocytes. We conclude that inhibition of PKA removes inhibition of Raf-1
and thereby allows b2-AR stimulation to act via PKCa/Raf-1/MEK/ERK1/2
and IP3-mediated Ca2þ signaling to stimulate cPLA2 signalingwithin caveolae.
These findings may be relevant to the remodeling of b-AR signaling in failing
and/or aging heart, both of which exhibit decreases in adenylate cyclase activity.
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We have demonstrated that the Angiotensin I Converting Enzyme (ACE) acts
as a membrane receptor for Angiotensin II (AngII). Upon binding to ACE withhigh affinity, AngII activates a signaling cascade that generates inositol 1,4,5-
triphosphate (InsP3), culminating in intracellular Ca2þ increase. The goal of
this work was to investigate cellular function that AngII plays through ACE
activation. For that, we used CHO-ACE, CHO-AT1 and melanoma cell line
(Tm-5), as well as, confocal microscopy, immunofluorescence, western blot-
ting, small interfering RNA (siRNA) and BrDU assay. We found that AngII
binds to ACE and this complex is internalized through clathrin, to trigger
preferential nucleoplasmic Ca2þ increase. Since nuclear Ca2þ is known to
regulate cell growth, we then investigated whether the proliferative response
induced by AngII is mediated by ACE activation. We verified that silencing
either ACE or clathrin reduced cell proliferation stimulated by AngII by 33%
or 71% respectively, compared to control (p<0.001). In melanoma cell line
(Tm-5), that was known to expresses mainly ACE instead of the classical AngII
receptor, the AT1, AngII increased cell migration by 75.75 2% compared to
control condition (p<0.05). This data correlated with reduced focal adhesion
formation induced by AngII in the same cell line (154 5 23.9 a.u. for
control vs, 54.95 9.8 a.u. for AngII, p<0.05), Together, these results indicate
a new role for ACE in cell proliferation and migration induced by AngII. More-
over, these findings point ACE signaling as a novel therapeutic target for cancer
treatment.
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Capsaicin Causes Vasorelaxation of Rat Aorta by Activation of CB1
Receptors but not by Trpv1 or CB2 Receptors
Enrique Sanchez-Pastor1, Cinthia Rangel-Sandoval1, Maria F. Andrade2,
Alejandro Elizalde1, Evelyn Lopez-Dyck1.
1Universidad de Colima, Colima, Mexico, 2Instituto Tecnologico de Colima,
Colima, Mexico.
Blood pressure mainly depends on vascular tone, which is regulated by several
mechanisms. Some substances like cannabinoids cause vasorelaxation not only
by interacting on cannabinoid receptors (CB1 or CB2) but also by interacting
with some other receptors (TRPV1, GPR55) or with ion channels. The main
TRPV1 agonist (capsaicin) can cause vasorelaxation in several artery prepara-
tions as well. However, there is still lack of evidence to know the mechanism of
action of capsaicin in modulating the vascular tone. Although there are some
reports implicating the role of TRPV1 in the modulation of vascular tone, in
our Lab and in a recent report, it was found that capsaicin caused vasorelaxation
of rat aorta by a mechanism independent of TRPV1. Thus, the aim of this work
was to determine the possible role of CB1 and CB2 receptors on the vasorelax-
ation caused by capsaicin in rat aorta. Our results show, by confocal micro-
scopy, the localization of TRPV1 on endothelial and smooth muscle cells of
rat aorta. However, capsaicin caused vasorelaxation of this artery through a
mechanism independent of TRPV1, since the antagonist capsazepine did not
block the effect of capsaicin. Moreover, as the expression of CB1 and CB2 re-
ceptors has been reported in aorta, we used antagonists for these receptors prior
to the evaluation of capsaicin. In these experiments we found that using the
CB1 antagonist AM281 partially blocked the vasorelaxant effect observed
with capsaicin alone. On the other hand, by incubating with the CB2 antagonist
AM630, we found that capsaicin caused a vasorelaxation similar to control con-
ditions. Thereby, our results show that the vasorelaxant effect of capsaicin on
rat aorta did not depend on TRPV1 or CB2 receptors, but partially depends on
CB1 activation.
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How the components of the G protein-coupled receptor (GPCR) ‘‘signalo-
some’’ assemble and function in the membrane bilayer is not known. Neverthe-
less the highly symmetrical organization of visual receptors (rhodopsin, rho) in
rows-of-dimers suggested by AFM images of the rod cell disk membrane has a
simple and direct consequence: the exposure of one unique surface of the recep-
tor to the lipid phase of the membrane. This organization defines the encounter
complex between rho and the G protein (transducin, Gt), and the orientation of
rho in the dimer is therefore determinant. We have previously identified both
computationally[1] and experimentally[2] a stable rho dimer involving
TM1/TM2 and H8. Here we describe the investigation of alternative receptor
binding modes leading to the identification of a new interface involving
TM5/TM6. PMF analysis of this interface using the MARTINI coarse grain
model indicates a similar order of stability as the TM1/TM2/H8 interface.
However it involves a significant conformational change of a loop as compared
